INTRODUCTION {#sec1-1}
============

Anesthesia is composed of three components, hypnosis, muscle relaxation, and analgesia. Missing one of these limbs will lead to serious effect on the patients, for example, lack of hypnosis lead to awareness; also lack of analgesia will lead to exaggerated response to painful stimulus with increased catecholamine levels in the blood, which increase the blood pressure, heart rate, and intracranial pressure. The anesthetists use different drugs with the objective to achieve a balance between analgesia and hypnosis.\[[@ref1]\]

Opioids are considered the gold standard for achieving good anesthetic practice.\[[@ref1]\] However, in obstetric anesthesia the use of opioids was omitted until the delivery of baby because of fear of placental transfer and neonatal respiratory depression.

In full term pregnancy, the uterine vasculature is maximally dilated but still respond to vasopressor substance such as catecholamine,\[[@ref2]\] which released as a part of stress response during anesthesia and surgery causing uterine vasoconstriction and decrease the utroplacental blood flow\[[@ref3][@ref4]\] and adversely affect the neonates.\[[@ref5]\] Preventing stress response during intubation and surgery decrease the level of catecholamine and will be beneficial for the mother and neonates.\[[@ref6]\]

Nalbuphine hydrochloride is classified as a synthetic opioid agonist-antagonist. It is a potent analgesic and its analgesic potency is essentially equivalent to morphine. It can also be used as a supplement to balanced anesthesia, for preoperative and postoperative analgesia.\[[@ref7][@ref8]\]

The aim of this study was to evaluate the effect of nalbuphine given before induction of general anesthesia for cesarean section on quality of general anesthesia, maternal stress response, and neonatal outcome.

METHODS {#sec1-2}
=======

This randomized, controlled study was approved by hospital ethics committee and after obtaining written informed consent, the study was carried out in 60 full term pregnant patients scheduled for elective cesarean section American Society of Anaesthesiologist (ASA) I and II.

Inclusion criteria included: Elective full term, single fetus with no signs of fetal distress, and elective cesarean section, while exclusion criteria include emergency situations, fetal distress, multiple gestation, and refusal of patients. The patients were randomly classified into two groups

Group N: Patients received 0.2 mg/kg nalbuphine diluted in 10 ml of normal saline one minute before induction of general anesthesia.

Group C: Patients received placebo 10 ml of normal saline one minute before induction of general anesthesia.

The study used a double-blind design. The patients were randomized into two equal groups. Sixty envelopes were prepared. These envelopes were opened by a blinded chief nurse not participating in the study or patients′ care to indicate the group assignment.

Anesthesia {#sec2-1}
----------

All patients received 150 mg ranitidine 2 h before induction of anesthesia. After the patients had arrived to operating room, uterine displacement was done by tilting the operating table to the left to decrease aortocaval compression and supine hypotension syndrome. Vital signs (heart rate, blood pressure, and oxygen saturation) were measured and large bore intravenous line was inserted under complete aseptic technique.

Standard patient monitoring (electrocardiogram, non-invasive arterial pressure, heart rate, pulse oximetry and end-tidal CO~2~) were used during anesthesia. While the patients were prepared for surgery by sterilization of the abdomen and were covered by sterile gowns, preoxygenation was done by allowing the patients to breath 100% O~2~ for 3 minutes. The patients were randomly classified to receive either 0.2 mg/kg nalbuphine, diluted in 10 ml of normal saline (group N) or control group (group C) received 10 ml saline, which was drawn into an identically labeled syringe.

The study drug was injected one minute before induction of anesthesia. General anesthesia was induced by thiopental 5 mg/kg, succinylcholine 1.5 mg/kg. Endotracheal intubation was done using direct laryngoscope after 30 seconds and anesthesia was maintained by isoflurane 1% in oxygen and atracurium 0.25 mg/kg and artificial ventilation was adjusted to maintain end tidal CO~2~ around 35 mmHg.

The induction--delivery time and uterine incision-delivery time were recorded. After delivery 0.1 mg/kg morphine were given to control group and same amount of saline to nalbuphine group.

Midazolam 2 mg and 5 units of oxytocine were given as bolus intravenously over 3 minutes for both groups. Oxytocine 10 units in 500 ml ringer solution was infused in both groups to maintain the uterine contraction. After completion of surgery, residual neuromuscular block was antagonized using neostigmine and atropine and the patients was extubated and transported to recovery room.

Maternal measurements {#sec2-2}
---------------------

Heart rate and mean arterial blood pressure were measured before induction of anesthesia, five min after intubation, during surgery, and after delivery of baby.

Neonatal outcome measures {#sec2-3}
-------------------------

This is the job of pediatrician who was unaware of maternal group assignment. The APGAR score at one and five minutes after delivery, and time to sustained respiration was recorded. Umbilical venous and umbilical arterial blood samples were taken for measurement of blood gases. The oxygen saturation, newborn heart rate, and respiratory rate were observed for 6 hours after delivery.

Neonatal resuscitation includes the use of tactile stimulation, oxygen insufflation, bag--mask ventilation, tracheal intubation, and suction.

Naloxone was given if there is sever respiratory depression not responding to neonatal resuscitation including positive pressure ventilation.

APGAR scoring for newborns \[[Table 1](#T1){ref-type="table"}\]

###### 

APGAR scoring
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The test is generally done at one and five minutes after birth, and may be repeated later if the score is and remains low. Scores ≤3 are generally regarded as critically low, 4 to 6 fairly low, and 7 to 10 generally normal.\[[@ref9][@ref10]\]

Statistical analysis {#sec2-4}
--------------------

The sample size required for the study was determined based on the primary outcome measure. A power analysis suggested that a sample size of 26 patients per group should be adequate to detect a 20% reduction in blood pressure and heart rate with a power of 0.8 (alpha=0.05). However, to avoid potential errors, 30 patients were included in each group.

All data are summarized as means and standard deviation. Statistical analysis was performed with the SPSS program package. Demographic data and blood gas analysis were compared using the unpaired *t* test. APGAR score was compared using Mann-Whitney U-test. Serial changes in hemodynamic were analyzed with repeated measures analysis of variance. *P* values \<0.05 were considered significant.

RESULTS {#sec1-3}
=======

There is no statistically significant difference in age, weight, gestational age, induction delivery time, and uterine incision delivery time and birth weight between the two groups, \[[Table 2](#T2){ref-type="table"}\].

###### 

Demographic data
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Maternal heart rate changes {#sec2-5}
---------------------------

There were no differences in base line heart rate in two groups. Maternal heart rate showed significant increase in control group than nalbuphine group after intubation (88.2±4.47 versus 80.1±4.23, *P*\<0.0001) and during surgery till delivery of baby (90.8±2.39 versus 82.6±2.60, *P*\<0.0001) and no significant changes between both groups after delivery. After delivery and giving opioid to control group, the heart rate (HR) was decreased and there were no significant differences in HR till the recovery of patients, \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of maternal HR changes in both groups
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Maternal mean arterial blood pressure changes {#sec2-6}
---------------------------------------------

There were no differences in base line mean arterial blood pressure (MABP) in two groups. The maternal MABP increased in control group than nalbuphine group after intubation (100.55±6.29 versus 88.75±6.09, *P*\<0.0001) and during surgery till delivery of baby (98.50±2.01 versus 90.50±2.01, *P*\<0.0001) and no significant changes between both groups after delivery. After delivery and giving opioid to control group, the MABP was decreased and there were no significant differences in MABP till the recovery of patients, \[[Table 4](#T4){ref-type="table"}\].

###### 

Comparison of maternal MABP changes in both groups
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Neonatal outcome {#sec2-7}
----------------

APGAR score was recorded one and five minutes after delivery. APGAR score was significantly low in nalbuphine group than control group at one minute (mean score in nalbuphine group was 6.75±2.3 and in control group was 8.5±0.74, *P*=0.0002), \[[Table 5](#T5){ref-type="table"}\].

###### 

APGAR score in both groups
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At one minutes after delivery eight neonates (27%) in nalbuphine group and two neonates (7%) in group C showed APGAR score ranged from 4--6, while 22 neonates (73%) in group N and 28 neonates (93%) in group C showed APGAR score ranged between 7--10.

At five minutes, all neonates in both groups showed APGAR score 9--10, \[[Table 5](#T5){ref-type="table"}\].

Neonates in both groups with APGAR score less than 6 required short period of assisted ventilation by ambou bag with mask connected to source of oxygen until the respiration was sustained.

The mean time to sustained respiration in group N was significantly longer (81.8±51.4 s) than in group C (34.9±26.2 s), *P*\<0.05 \[[Table 5](#T5){ref-type="table"}\].

Neonatal blood gas in both groups (arterial and venous) showed no significant differences in both groups, \[Tables [6](#T6){ref-type="table"} and [7](#T7){ref-type="table"}\].

###### 

Umbilical cord artery blood gas analysis at delivery expressed as mean±SD
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###### 

Umbilical cord vein blood gas analysis at delivery expressed as mean±SD
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DISCUSSION {#sec1-4}
==========

Stress response to intubation and surgery with subsequent increase in catecholamines level have adverse effect on mother and also may adversely affect the fetus.\[[@ref11]\] So, preventing the stress response will be better for both mother and neonates.

Nalbuphine was studied extensively in labor analgesia and was proved to be acceptable analgesics during delivery and its effect on neonates vary between studies, but its use as a premedication before induction of general anesthesia for cesarean section had not been studied. In the present study, the maternal blood pressure and heart rate were increased significantly in control group than nalbuphine group after induction of anesthesia till delivery of baby.

APGAR score was lower in the nalbuphine group, and this was probably a result of the placental transfer of nalbuphine which the only factor contributes for neonatal depression as the induction delivery time and uterine incision delivery time was comparable in both groups.

Nalbuphine pass through the placenta rapidly\[[@ref12][@ref13]\] and the elimination half-life of nalbuphine in neonates is 4.1 hours,\[[@ref14]\] which was shorter than that of meperidine in neonates 7-32 hours.\[[@ref15]\] So, the neonatal effects of nalbuphine will be of shorter duration than meperidine.

Wilson *et al*.,\[[@ref12]\] found that when nalbuphine was used as bolus for maternal analgesia during labor it was associated with decreased APGAR and neonatal neurobehavioral scores compared to bolus meperidine, but others studies did not find any significant effect of nalbuphine on neonatal outcome.\[[@ref16]--[@ref18]\]

These studies examined using nalbuphine for labor analgesia and only one study published in 1985 by Dadabhoy *et al*.,\[[@ref13]\] in which nalbuphine was used after intubation and revealed that it maintained maternal hemodynamics stability with acceptable neonatal APGAR score and no correlation was observed between neonatal blood levels and APGAR scores.

Many published studies had used different opioids like alfentanil,\[[@ref19]\] fentanyl,\[[@ref20]\] and remi fentanyl\[[@ref21]\] before induction of anesthesia for elective cesarean section. The result of these studies is as follows: In alfentanil study, alfentanil 10 μg/kg was given 1 minute before induction of anesthesia; and maternal stress response was attenuated in the alfentanil group but at the cost of early neonatal depression. In fentanyl study, maternal analgesia and sedation with fentanyl (1 μg/kg) and midazolam (0.02 mg/kg) given immediately prior to spi-nal anesthesia is not associated with adverse neonatal effects and in remifentanil study, single bolus of 1 μg/kg remifentanil given immediately before induction of general anesthesia was effectively attenuated hemodynamic changes after induction and tracheal intubation. However, remifentanil crosses the placenta and may cause mild neonatal depression.

In a study done by Nicolle *et al*.\[[@ref14]\] to delineate placental transfer and disposition of nalbuphine in the neonate found that nalbuphine placental transfer is high and estimated half life of nalbuphine in neonate is longer than in adult and two neonates had low APGAR score at one minutes and one of them had score of 8, which improved spontaneously to 10 at 5 min and the other had score 3 and improved to 10 after resuscitation.

CONCLUSION {#sec1-5}
==========

Administration of nalbuphine before cesarean section under general anesthesia reduces maternal stress response related to intubation and surgery, but decreases the APGAR score at one minute after delivery. So, when nalbuphine was used, all measures for neonatal monitoring and resuscitation must be available including attendance of a pediatrician.
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